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INTRODUCTION 


Since 1937 the Bureau of Mines has conducted investigations to provide the 
technical information necessary to guide the safe use of diesel engines underground 
in the United States. Coincident with the beginning of the technical study, a sur- 
vey was made of State regulations pertaining to the use of internal-combustion en- 
gines underground .3/ At that time it was found that owing to the known hazards of 
gasoline locomotives, many States had enacted legislation or regulations Limiting 
or prohibiting their use underground. Some of this legislation prohibited, or 
could be interpreted as prohibiting, the use of any type of internal-combustion 
engines in underground workings. 


After World War II diesel-powered equipment was introduced underground in 
many States, and pertinent questions are received frequently by the Bureau of 
Mines about the regulations that permit such applications. Because it was known 
that new and revised regulations had been made effective in some States in the 
nearly 20 years that have elapsed since the previous survey,3/ the Bureau decided 
that a review of the latest regulations in the leading mineral-producing States 
would be a valuable source of information for those engaged in the production of 
minerals as well as others. Accordingly, where feasible, this report includes 
abstracts of State laws and regulations as they affect the use of internal-combus- 
tion engines underground, particularly diesel engines. The substance of comments 
from State officials also are included when these appear to be helpful to inter- 
pretation of the regulations. 


STATE LAWS AND REGULATIONS 
Alabama 
Coal Mining Laws of the State of Alabama as amended 1951: 
Section 53. Prohibited Haulage Equipment 
(a) Non-permissible internal combustion engines or other machinery 
which gives off noxious fumes shall not be permitted underground in any 


coal mine. 


Mine Safety Rules of the State of Alabama, effective January 1, 1942: 


3/ Ilsley, L. C., and Gleim, E. J., State Regulations Pertaining to the Use of 
Internal-Combustion Engines in Coal and Metal Mines and in Tunnels: Bureau 
of Mines Inf. Cir. 7019, 1938, 8 pp. 
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Rule 5. Fire Prevention and Fire Fighting Equipment 


(s) The use of fuel burning engines or locomotives and internal- 
combustion engines underground is forbidden, unless the engine or loco- 
motive or internal-combustion engine has been approved by the Department 
for such use. 


Arizona 
Mining Code of the State of Arizona, August 1955: 

Mine Safety Rules 
Inflammable Material 


Oil. - The use of fuel burning engines or locomotives underground 
is forbidden. 


Arkansas 


The mining laws of the State of Arkansas (1939) and amendments effective March 
10, 1949, make no specific reference to any internal-combustion engine or its use 
underground. 


California 


The following regulations are abstracts from Mine Safety Orders, Division of 
Industrial Safety, enclosed in a letter dated March 9, 1956, from the supervising 
engineer, Mining and Petroleum: 


Article 7. Fires 


5945. Flammable Material 


(£) The use of fuel burning engines or locomotives and internal 
combustion engines underground is forbidden, unless the engine or 
locomotive or internal combustion engine has been approved by the 
Commission for such use. 


Permit for Variation From Safety Order 


In accordance with the provisions of Title 8, California Admin- 
istrative Code, a Permit to vary from Safety Order is hereby granted 
subject to compliance with the following conditions: 


1. Each diesel engine shall be assigned a permanent number. 


2. The diesel engines shall be maintained in good operating 
condition. They shall be checked daily and maintained by 
a diesel mechanic. Prior to the operation of a diesel 
unit underground its exhaust gas shall be analyzed for 
nitrous oxide and carbon monoxide content to make sure that 
the engine is in good condition and in proper adjustment. 
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3. The exhaust of each diesel shall be passed through a water bath 
scrubber prior to its discharge into the mine atmosphere. 
Scrubbers shall be kept in proper operating condition at all 
times when equipment is in use underground. 


4&4. Diesel exhaust gas shall not be directed towards diesel opera- 
tors and shall be deflected so that persons alongside will not 
encounter exhaust gas at breathing level. 


5. The diesel fuel shall not contain in excess of .5% of sulphur. 


6. Each diesel unit shall be equipped with a fire extinguisher 
suitable for control of oil fires. 


7. A continuous flow of fresh air sufficient to prevent a carbon 
monoxide content of the atmosphere exceeding twenty (20) parts 
per million anywhere in the mine at all times when workmen are 
in the mine. The flow of fresh air in any air course shall 
never be less than seventy-five cubic feet of air per minute 
per brake horsepower of the aggregate diesel equipment operating 
in such air course. 


8. Definite instructions shall be issued to all workmen that all 
diesel equipment must be shut down immediately if the air flow 
should stop, and must remain shut down until such time that the 
air flow is again maintained. 


9. The atmosphere in areas where men are employed underground shall 
be tested for carbon monoxide shortly after the start of each 
shift. The test shall be made by a man skilled in the use of the 
instrument used for testing. 


10. A record shall be kept of all tests made of diesel exhausts and 
mine atmospheres. The record shall contain the time of the test, 
total horsepower of the diesel equipment in operation at the 
time, and quantity of air flowing in the air course in which the 
diesel equipment is operating. A copy of this record shall be 
kept in the mine office and shall be available for inspection by 
safety engineers of the Division of Industrial Safety. 


Colorado 


In a letter dated April 2, 1956, the Chief Inspector provided the following in- 
formation from the State Coal Mining Laws of Colorado: 


Section 98. Haulage Equipment. Non-permissible internal combustion 


engines or other machinery which gives off noxious fumes in dangerous 
quantities shall not be permitted in any underground coal mine. 
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Colorado Mining Laws with Rules and Regulations 
Bulletin No. 16, June 30, 1954 
41. Diesel Equipment 


1. Diesel equipment underground may be used only upon obtaining 
written permission of the Commissioner of Mines. 


2. Diesel equipment used in underground metal mines is subject to 
the following rules which may be changed from time to time if, in the 
opinion of the Commissioner of Mines, modifications or changes should be 
made. 


1. In the tunnel, mine level or other underground working areas 
where Diesels are used, there shall be sufficient fresh air so that 
there will be a minimum of seventy-five (75) cubic feet of free air 
per minute for each brake horsepower of Diesel engine. This in addi- 
tion to the amount of air required for normal mine ventilation. 


Underground primary exhaust ventilation should be at least ten 
thousand (10,000) C.P.M. (sic) where Diesel engines are used and the 
minimum air velocity must be at least fifty (50) linear feet in tun- 
nel, drift, or working face, with the end of the vent pipe not more 
than one hundred and fifty (150) feet from the face. 


When a Diesel engine is used in underground mine operations, all 
end headings shall be separately ventilated by auxiliary exhaust ven- 
tilation with a minimum air velocity of not less than fifty (50) linear 
feet per minute in the working face itself. The intake of the auxiliary 
system must be so located that air entering it will not be contaminated 
by exhaust gases from the Diesel engine when operating between the in- 
take and the face of the working area. 


When any portion of the primary or auxiliary exhaust ventilation 
systems is not functioning, no Diesel engine shall be allowed to 
operate in the area of no ventilation. 


2. Diesel engines shall be so adjusted that under full load the 
air-fuel ratio is approximately twenty (20) to one (1), i.e., the en- 
gine shall use twenty (20) pounds of air in burning one (1) pound of 
fuel. 


3. An exhaust gas conditioner must be used that will resist the 
exhaust gases and liquids formed in the conditioner and maintain its 
original efficiency under all conditions. Stainless steel is recom- 
mended for gas conditioners. 


4. The conditioner must also treat the exhaust gas so that when 
it issues into the mine atmosphere the temperature will not exceed one 
hundred and eighty degrees (180°) Fahrenheit. 


5. The conditioner must not increase the engine back pressure 


above eighteen (18) inches of water or one and one-half (1-1/2) inches 
of mercury when the locomotive is developing its rated horsepower. 
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6. The conditioner must hold sufficient water for four (4) 
hours' operation without replenishing and at the end of four (4) 
hours of operation the exhaust temperature again must not exceed 
one hundred and eighty degrees (180°) Fahrenheit. Water to be 
completely drained and replenished once each shift. The condi- 
tioner must be checked, serviced, and cleaned once each week. 


7. At least once each week an inspection of the Diesel en- 
gine and the gas conditioner must be made and a written report 
of its condition be put on file for examination by the inspector 
or the Commissioner of Mines. 


8. Working areas in which Diesel equipment is used shall be 
examined at frequent intervals and air samples taken to determine 
the mine atmosphere conditions at points where the Diesels are 
being used. 


9. Based on standards set by the United States Bureau of 
Mines, the concentrations of toxic gases shall not exceed the 
following limitations: 


Carbon Dioxide not more than 0.5% by volume 

Carbon Monoxide not more than 0.01% by volume (100 PPM) 
Oxides of Nitrogen not more than 0.0025% by volume (25 PPM) 
Aldehydes not more than 0.001% by volume (10 PPM) 


Mine air is to contain not less than 20% of oxygen by 
volume. 


As aldehydes and smoke from Diesels are self-evident if present 
in harmful quantities, they need not be determined by analysis. 


10. When flexible tubing is used on exhaust from Diesel motor to 
the air conditioner, or scrubber, it must be of the type that will 
withstand back pressure and not leak. 


Georgia 


A reply from the Director, Department of Mines, Mining and Geology dated 
February 28, 1956, stated that Georgia has no law regulating the use of diesel 
engines underground and indicated that such a small proportion of the mineral pro- 
duction is by underground mining that no mine inspectors are employed. 


Idaho 


Idaho Minimum Safety Standards and Practices for Mining - Safety Code 5 - 
Effective October 1, 1952. 


Underground Diesel Engines 
29:1 Operation permissive under regulations. - Diesel engines may be oper- 
ated underground under conditions which conform to environmental standards 


recommended by the U. S. Bureau of Mines, but the carbon monoxide due to the 
operation of the Diesel engine shall not exceed 20 parts per million in the 
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general underground atmosphere. Each individual Diesel engine may be oper- 
ated underground only with the written approval of the Inspector of Mines 

for a specified engine, operated in a specific location, and subject to such 
conditions as said inspector may impose as to periodic examinations and 

tests and maintenance. Before a Diesel engine is put in service underground, 
it must be tested and its service thereafter maintained in accordance with 
the Inspector of Mines' requirements. 


Illinois 
State of Illinois - The Coal Mining Act - Revised edition July 1955. 
Article 22 
Haulage and Transportation Underground 


Section 22.03. Nonpermissible internal-combustion engines or other 
machinery which gives off noxious fumes shall not be permitted underground 
in any coal mines. 


Article l 
Short Title - Definition of Terms 


Section 1.13. 'Permissible' means any explosive or mechanical device, 
or chemical-mechanical device, which will not cause the ignition of mix- 
tures of methane and air when detonated or operated. 


Article 31 
Ventilation, Mine Gases and Gassy Mine Classification 


Section 31.01. All active underground working places in a mine shall 
be ventilated by a current of air containing not less than 19.5% of oxygen, 
not more than 0.5% of carbon dioxide, and no harmful quantities of other 
noxious or poisonous gases. The volume and velocity of the current of air 
shall be sufficient to dilute so as to render harmless, and to carry away, 
flammable or harmful gases. 


The Director, Department of Mines and Minerals, in providing the foregoing in- 


formation commented that no internal-combustion engines are used in any coal mines 
and that a few were in use in noncoal underground mines by permission of the State 


Mining Board. 
Indiana 


Coal Mining Laws of Indiana - Chapter 168, Acts of 1955. Effective March 8, 
1955: 


APPLICATION OF ACT - GASOLINE ENGINES 
Sec. 13. The provisions of this act shall apply to all commercial coal 


mines, except that it shall be unlawful to use or operate any gasoline 
propelled engine or machinery inside any mine in this state. 
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SAFETY DEVICES AND PROTECTION OF EMPLOYEES 
COMBUSTION PROPELLED ENGINES - USE UNLAWFUL - WHEN 


Sec. 14. It shall be unlawful for any owner or operator of a coal mine who 
is engaged in removing any material or product from under the surface of 
the earth to use or operate any combustion propelled engines or machinery 
in any such operation underneath the ground where employees are engaged at 
work. 


Towa 


State of Iowa (1955) Mining Law - Reprinted from Code of 1950 as amended by 
55th G.A. 


82.96 Gasoline and engines - use and location. No gasoline engine, 
except gasoline haulage motors where the exhaust is properly cared for, or 
supplies of gasoline therefor, shall be located in or near the air current 
which supplies the employees of any mine with air, but in all cases shall 
be placed upon the return of the air and located at least twenty feet from 
any and all traveling ways. In no case shall any gasoline engine or place 
for supply of gasoline be located without first having the approval in 
writing of the mine inspector, who shall determine the suitability of the 
location of said engine and supplies. The supply of gasoline shall be kept 
at the place designated and shall not exceed twelve gallons at any one time. 


82.101 Gasoline motors prohibited. In any mine hereafter opened or 
equipped for operation no gasoline haulage motor shall be installed or used 
in the underground workings for any purpose, and it shall be the duty of the 
mine inspector to enforce the provisions of this section. 


The State Mine Inspector commented that diesel engines are prohibited in coal 
mines and reports that they are in use underground in one Iowa limestone mine. The 
State mining laws appear to be specific only with reference to gasoline engines. 


Kansas 


The Chief Mine Inspector of Kansas, under date of March 30, 1956, states there 
are no specific mine laws referring to the use of internal-combustion engines under- 
ground. Regulations for noncoal mines require the use of scrubbers and good ventila- 
tion. Diesel engines are in use in lead and zinc mines, but none have been used in 
coal mines. 


Kentucky 


Laws Governing the Mining of Coal and Clay - Kentucky. Revised Statutes - 
Chapters 351-352 - Amended 1952, 1954. 


352.030 (2739-19) Number of men permitted to work in the same air cur- 
rent; ventilation of mines, repair of ventilating system. 


(1) As many as sixty persons may work in the same air current or split, 
and, with the approval of the district mine inspector and the chief, as many 
as eighty persons may work in the same current. Every mine, and all portions 
thereof, shall be ventilated by one or more currents of air, which shall con- 
tain not less than twenty percent of oxygen, nor more than one-half per cent 
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of carbon dioxide, nor any dangerous quantities of inflammable gas, nor any 
harmful amount of poisonous gases or dust, when the current of air enters 
into each split. In any event, the ventilation shall be sufficient to pre- 
vent methane accumulations, so far as practicable, and to keep the methane 
percentage in the return of any split to not more than one-half per cent in 
a dusty mine and not more than three-fourths per cent in a non-dusty mine. 


352.050 (2739-19; 2739-29; 2739-30) Motive power and fuel used; 
underground stables. 


(1) The use of machinery powered by an internal-combustion engine or 
motor in any coal mine within this Commonwealth is hereby prohibited, pro- 
vided that the chief may, if he is satisfied that it will not be injurious 
to the health or the safety of the employees, authorize the use of diesel 
powered machinery under such reasonable general or special ruling and regu- 
lations as he may from time to time promulgate. 


Maryland 


Mining Laws of the State of Maryland 
(1950 including regulations of 1929) 


Haulage Equipment 
Ch. 437, 1949 


92. Haulage equipment. Non-permissible internal-combustion engines 
or other machinery which gives off noxious fumes shall not be permitted 
underground in any coal mine. 


Terms and Definitions 


(p) ‘'Permissible.' Unless the context requires a different sense, 
means the admission of a device, plan, formulas, method, machine or course 
of action by the United States Bureau of Mines to a list, after actual test 
thereof. 


Michigan 


A reply dated March 6, 1956, from the Director, Division of Occupational Health, 
Michigan Department of Health, indicated there are no regulations controlling the 
operation of diesel engines underground. Other available reliable information indi- 
cates diesel-powered equipment is used in at least one underground mine in Michigan. 


Missourl 


Review of "Mine Inspection Laws of the State of Missouri, Revised to January l, 
1949" did not reveal any specific section regarding the use of internal-combustion 
engines or the use of any kinds of fuel or oil except oil used for illumination. 
There are general requirements for ventilation and provisions that inspectors"...see 
that every necessary precaution is taken to secure the health and safety of the work- 
men employed in any of the mines in the state,...'"' The Bureau believes that diesel- 
powered equipment is used in some lead and zinc mines in the Tri-State District. 
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Montana 


Laws of Montana Relating to Industrial Safety - Administered by Industrial Acci- 
dent Board - Compiled from Revised Codes of 1947 and Admendments - July 1, 1950. 


Chapter 4. Regulation of Coal Mining Industry - Coal Mining Code. 


Section 50-467. Haulage 
Engine and Equipment 


Nonpermissible internal-combustion engines or other machinery which 
gives off noxious fumes shall not be permitted underground in any coal mine. 


No similar section was included in the "Quartz Mining Laws," but the Industrial 
Accident Board has broad powers to develop and enforce regulations for the safety of 
employees in any industry. The Montana State Board of Health makes periodic investi- 
gations at the various noncoal mines where diesel engines are used and makes recom- 
mendations based on the findings. 


Nevada 
1949-1953 Supplement to Nevada Mine Safety Laws 
8 
s 4229. Underground Use of Internal Combustion Engines Regulated. 


Sec. 22. The underground use of any internal-combustion engine is 
hereby declared unlawful, unless after application filed with the inspec- 
tor of mines he finds that the particular type of equipment for the use of 
which application is filed has been approved for underground work by the 
United States Bureau of Mines, and the atmospheric conditions in the under- 
ground workings where the equipment is to be used are such that the opera- 
tion of such equipment will not endanger the health or safety of any employee. 
If the application be approved by said inspector, the operation of the desig- 
nated equipment shall be lawful only if and so long as it is operated and 
maintained in accordance with recommendations made public from time to time 
by the United States Bureau of Mines, and only upon the condition that when- 
ever safe conditions of air quality are not maintained, operation of the 
equipment shall be stopped by the operator until proper conditions of air 
quality are again established, either by increasing ventilation or by cor- 
recting mechanical imperfections in the equipment, whichever is found to be 
the cause of the undesirable conditions. As amended, Stats. 1951, p. 68. 


New Hampshire 


No copy of the mining laws, if any exist, was included in a reply from the New 
Hampshire State Planning and Development Commission. However, the commission indi- 
cated that the Department of Health probably has sufficiently broad powers to act in 
cases of negligent use of diesel engines underground. 


New Jersey 


The Chief Mine Safety Engineer for New Jersey, in a reply dated April 2, 1956, 
reported there are no laws applying to use of internal-combustion engines under- 
ground, but that suitable regulations are being developed. 
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New Mexico 
New Mexico Mine Safety Code for All Mines 
Including Opencut and Open-pit, 1955 
Article 18 
Coal Mines - General Provisions. 


63-18-3. Fuel-Burning Locomotives Prohibited - No fuel-burning loco- 
motive or engine of any kind shall be permitted underground without a 
written exemption issued by the mine inspector. 


Article 28 
General Regulatory Provisions in Mines Other Than Coal 


63-28-15. Fuel-Burning Locomotives Prohibited - No fuel-burning loco- 
motive or engine of any kind shall be permitted underground without a 
written exemption issued by the mine inspector. 


Rules Governing Diesel Equipment in Underground 
Mines for the State of New Mexico 


1. Diesel-powered equipment shall be equipped with a stainless steel 
exhaust gas conditioner which will reduce toxic gases to a minimum before 
they are released into the mine atmosphere. (Except that if limestone and 
water are used, scrubbers may be of carbon steel.) 


2. The use of diesel-powered equipment shall be restricted to haulage- 
way or other working places where positive ventilation is maintained by 
mechanical means. 


3. If possible, the ventilation in places where diesel equipment is 
used shall be arranged so that the air-carrying exhaust gases from the 
engine are returned to the main return air-ways without traversing active 
working places. 


4. The quantity of ventilating air supplied must be adequate to di- 
lute all toxic gases of engine exhaust. 


(b) At least 75 cubic feet per minute of fresh air must be supplied 
per brake-horsepower developed at a maximum rated speed and maximm load 
by diesel engine. This amount is in addition to the amount required for 
normal ventilation. 


5. The air supplied for ventilation in connection with the use of 
diesel equipment underground should contain at least 20 per cent oxygen, 
less than 0.25 percent inflammable gas, and less than 0.5 per cent carbon 
dioxide. 


6. The air of places in which diesel-powered equipment is used shall 
be examined at frequent intervals to determine that the composition of in- 
take air is within the limits given in rule No. 5, and the concentration of 
other contaminants, such as C02, CO, NO2, added to the air by the equipment 
is within safe limits. 
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According to the U. S. Bureau of Mines, concentration of gases con- 
sidered permissible in working areas are as follows: 


CO not more than 0.5% by volume 
CO not more than 0.01% by volume 
NO» not more than 0.0025% by volume 
O, not less than 20% by volume 


Aldehydes and smoke are self evident if present in objectional quanti- 
ties and need not be determined by analysis. 


7. Diesel engines of equipment shall be equipped with battery powered 
starters rather than gasoline. Gasoline underground presents a fire hazard 
and is of course highly explosive. 


8. ACO) fire extinguisher shall be carried at all times with each 
diesel-powered equipment. 


9. The most dependable method of determining CO concentrations is the 
MSA Colormetric Tester. The Safety Engineer shall equip himself with one 
and shall make tests for CO at frequent intervals. 


10. From observation and numerous tests made, if solution used in gas 
conditioner consists of Sodium Sulfite, Hydroquinone, and water, this solu- 
tion must be changed at the end of eight (8) hours of actual operation. If 
mineral briquets are used in gas conditioner, the conditioner must be serv- 
iced once, each week, the water changed, and a complete inspection made. 

A written report of conditions should be made and kept. 


11. The conditioner must so treat the exhaust gas so that when it 
issues into the mine atmosphere the temperature will not exceed 180 degrees 
fahrenheit. 

New York 
Industrial Code Rule No. 31, Effective March 1, 1949. 


Rules Relating to Underground Mining Operations. 


31-17.13. Internal combustion engines. The use of internal combustion 
engines for underground haulage shall be subject to approval by the 
Commissioner. 


REQUIREMENTS GOVERNING THE SAFE USE OF DIESEL ENGINES UNDERGROUND 


1. Prior to the use of any Diesel Engine powered equipment in under- 
ground operations, application for permission to use each contemplated unit 
shall be made to the State of New York, Department of Labor, Bureau of Mines, 
Tunnels, Quarries and Explosives, The Governor Alfred E. Smith State Office 
Building, Albany 1, New York. 


The following information shall be submitted in the application: 
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1. Concentration of flammable or other gases in the underground atmos- 
phere where the equipment will be used and the possibility of encountering 
gas pockets. 


2. Quantity of Ventilation where the engine will be operated or the 
proposed amount of ventilation that will be provided. 


3. Engine manufacturer's name. 
4. Maximum engine horsepower output. 
5. Minimum idling engine speed. 


6. Maximum engine speed. 


Design and Maintenance 


1. The engine fuel used shall be equivalent in quality to that speci- 
fied by the manufacturer and shall have a flash point not less than 140° F. 
with a sulfur content not in excess of 0.5 per cent by weight. 


2. The engine manufacturer's specifications for the recommended fuel 
oil shall be obtained from the manufacturer and the specifications for the 
fuel ofl used shall be obtained to see that the oil meets with the 
recommendation. 


3. The fuel oil shall be kept in a clean condition and shall be free 
from all foreign matter before being used in the engine. 


4. No fuel oil shall be stored underground except that carried in the 
fuel tank of the engine or a total of one day's supply may be kept in a self 
closing container in a fire-resistive structure. 


5. The fuel injection system shall be adjusted and sealed to prevent 
alteration so the maximum carbon monoxide content of the exhaust before 
dilution does not exceed 0.25 per cent by volume throughout the rated range 
of speed and power output. 


6. An extra fuel pump sealed and set to meet the above requirements 
shall be furnished for each engine. 


7. The engine shall be equipped with flame arrestors on the intake 
and exhaust systems, of such design that the surface temperature of the 
exhaust manifold shall not exceed 400° F and the exhaust gas temperature 
at the point of discharge shall not exceed 160° F. 


8. The final point of exhaust shall be at a point remote from the 
engine operator. 


9. The exhaust gases shall be cooled either by washing or spraying 


with water so that all incandescent particles are quenched before being 
discharged into the surrounding atmosphere. 
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10. The exhaust of the engine shall be diluted by manifolding the 
exhaust pipe with four discharge openings. These openings shall be 10-20 
inches apart and across the air stream. 


ll. The water storage level shall control a valve interlocked to the 
fuel lines which will stop the flow of fuel oil before the water becomes 
exhausted. 


12. The engine shall be equipped with an electrical starting system 
of sufficient capacity to permit frequent starting of the engine. 


13. At least one dry-compound or carbon dioxide fire extinguisher 
shall be carried at all times with each unit. 


*Exception to general requirements. In locations where it can be 
satisfactorily demonstrated that no combustible material is 
present and flammable gas is not present and will not be en- 
countered, any or all of the provisions in 7, 9 and 11 above 
relating to flame arrestors and exhaust cooling may be waived. 


Toxic Concentrations 


1. The carbon monoxide concentration at any point in the general 
atmosphere shall not exceed 0.001 per cent by volume. 


2. The concentration of oxides of nitrogen at any point shall not 
exceed 25 parts per million or 0.0025 per cent by volume. 


3. The concentration of sulfur dioxide, aldehydes, visible smoke or 
other irritants in exhaust gases shall not create toxic or irritating at- 
mospheric conditions or reduce visibility. 


4. Hazardous irritating atmospheric conditions created by the engine 
but not covered by the above specifications shall be brought under control 
by standards of Industrial Hygiene. 


Testing 


Ll. The engine, including the auxiliary exhaust gas conditioning 
equipment, shall be tested before being taken underground and also after 
going underground under the conditions for which approval by the Department 
of Labor has been requested for a period long enough to determine its 
operating characteristics. 


2. The engine shall be subject to weekly inspection by a technical 
representative of the applicant or manufacturer in the presence of repre- 
sentatives of the Department of Labor. Such inspections shall be continued 
during the period of test by the Department of Labor and thereafter shall 
be at periods determined upon as the results of the tests. 


Ventilation Requirements 


1. A minimum of at least 75 cubic feet of fresh air a minute shall 
be provided for each brake-horse power developed by the Diesel Engine and 
in dead-end drifts the ventilation shall be positive so that the minimum 
amount of fresh air will be supplied at the face. 
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2. The Diesel Engine shall not be operated when the above amount of 
fresh air is not provided or when the ventilation system is stopped for 
any reason. 


The Bureau of Mines, Tunnels, Quarries and Explosives reserves the 
right to make additional requirements or rescind permission, at any time, 
for cause. 


North Carolina 


Rules and Regulations Governing Mining Industry - North Carolina Department of 
Labor - Effective October 1, 1942. 


Part I 
Scope: The code is divided into two parts. 
Part I is mandatory. 


VIII. Haulage and Hoisting: The use of gasoline engines in mines is 
forbidden. 


An interpretation by the Commissioner, Department of Labor, North Carolina, is that 
the foregoing rule applies "to all internal combustion engines." 


North Dakota 
Information provided by State Coal Mine Inspector: 
As amended, 1947 


38-061. (SAFETY RULES AND REGULATIONS MAY BE PROMULGATED AND ENFORCED 
BY STATE COAL MINE INSPECTOR.) The inspector may promulgate, issue, and 
enforce all necessary and proper rules and safety regulations relative to 
any operation over which he has jurisdiction. He may prescribe safety 
equipment to be worn or used by all persons working in or about such opera- 
tions. He shall issue an order making it unlawful to operate or maintain 
internal-combustion engines in any underground mine, shaft, or tunnel 
within the State of North Dakota. 


Ohio 
Mining Laws of Ohio - 1955 


Section 4157.35 (898-89). Use of gasoline, naphtha, and oil in mines. 
No gasoline, naphtha, kerosene, fuel oil, or gas engine shall be used in a 
mine except for operating pumping machinery where electric, compressed air, 
or steam power is not available or cannot be transmitted to the pump, in 
which case the owner, lessee, or agent shall observe the following: 


(A) Notice shall be given to the chief of the division of mines, be- 


fore installing, and the installation and operation shall be subject to the 
chief's approval. 
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(I) In no case shall the package, can, or supply tank be opened when 
an open light or other thing containing fire is within twenty-five feet of 
the same, provided that subject to the approval of the chief, the restric- 
tions in the use of fuel oil in a mine shall not apply to mobile or portable 
machinery, if such mobile or portable machinery is used in a clay, lime- 
stone, shale, or any other mine not a coal mine. 


Ok Lahoma 
Mining Laws of the State of Oklahoma - 1949. 


Section 171. Nonpermissible internal-combustion engines or other machinery 
which gives off noxious fumes shall not be permitted underground in any 
coal mine. (As amended, H. B. 390, R. S. 1949.)4/ 


Lead and Zinc Mines 


SECTION 441. The use of diesel engines equipped for detoxification in 
accordance with rules and regulations promulgated by the U. S. Bureau of 
Mines may be used in lead, zinc, and other metal mines in this State. Pro- 
vided, the use of such engine or engines in any such mine is first found to 
be safe for the miners who work in said mine, by the Assistant Mine Inspec- 
tor, and such finding is approved by the Chief Mine Inspector and provided 
further, that the diesel engine or engines and the safety equipment thereon 
to be used in any such mine shall also have been approved for use in such 
mine by the Assistant Mine Inspector, and such finding is approved by the 
Chief Mine Inspector. The Assistant Mine Inspector, in issuing any such 
approval, shall follow the rules and regulations and recommendations of the 
U. S. Bureau of Mines. The Assistant Mine Inspector shall make periodical 
inspections to determine whether such engines in such mines are emitting 
fumes which make it unsafe for such engines to be used. The Assistant Mine 
Inspector or the Chief Mine Inspector shall have the authority to order 
that conditions be remedied, and to suspend the use of such engines in any 
mine, or to order the discontinuance altogether of such engines in any such 
mine. Such orders shall be enforced as other orders of such officers are 
enforced. (Laws of 1947). 


SECTION 442. It shall be unlawful to use or to order or permit to use 
of any diesel engine in any lead, zinc or other metal mine in this State at 
any time which is not equipped with detoxification equipment and other 
safety devices meeting the standards set forth in the rules and recommenda- 
tions promulgated by the U. S. Bureau of Mines, or when such detoxification 
equipment and other safety devices on the engine is defective; or not in 
perfect working order. (Laws of 1947). 


Oregon 


Recommended Standards and Regulations for Industrial Health, State Board of 
Health, includes no reference to internal-combustion engines underground. Comment 
is provided in a reply dated March 30, 1956, that the State has limits on atmos- 
pheric contaminants that would be applied and that recommendations regarding noise 
levels also would be made if noise were excessive. 


4] Gasoline or oil engines prohibited in mines employing less than two (2) men 


underground. 
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Pennsylvania 


Bituminous Mining Laws of Pennsylvania - Compiled by the Department of Mines - 
1953. 


Article IX. Ventilation. 


Section 9. (As amended by Act No. 464, July 1, 1937.) No product of 
petroleum or alcohol, or any compound thereof shall be used as motive power 
in any mine, without the written consent of the inspector, which written 
consent shall state the conditions under which it may be used as a motive 
fuel. 


Correspondence to the authors dated March 14, 1956, indicates the foregoing 
section of the law has been amended so that no internal-combustion engine can be 
used in any coal mine unless such use has been specifically approved by the Pennsyl- 
vania Secretary of Mines. 


Regulations for Mines Other Than Coal Mines - 

Department of Labor and Industry - 1940 edition. 
Rule 365. Mine railways and motor haulage. 
(c) (NI) No fired locomotives, or internal combustion motors shall be per- 
mitted in any part of any mine either in the inlet or outlet airways, unless 
permission has been granted by the Industrial Board. 

(EI) After April 15, 1939 the placing of additional internal combustion 
motors in mines or tunnels for underground use shall be prohibited unless 
permission has been granted by the Industrial Board. This regulation shall 
not be construed to prohibit the use of spare equipment in breakdown or 
emergencies. 

Regulations for Tunnel Construction and Work in Compressed Air - 

Department of Labor and Industry - 1948 edition. 
Rule 10. Mechanical Haulage. 


(a) (A-I).....No gas locomotive shall be used in any tunnel without 
the written consent of the Department.... 


South Dakota 
The Inspector of Mines and Quarries, in a reply dated March 10, 1956, indicated 
there are no laws or regulations that refer directly to the use of diesel-powered 
equipment underground. However, the inspector has full powers to cite unsafe prac- 
tices and to bring action in appropriate courts for a hearing. 


Tennessee 


Laws Governing and Regulating Mining in Tennessee - State Department of Labor, 
Division of Mines - All Laws and Amendments Thereto to 1951 included. 
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5615. Haulage Equipment. - That internal combustion engines or other 
machinery which gives off noxious fumes shall not be permitted underground 
in any coal mine. 


Office of the Chief Mine Inspector provided the following information for mines 
other than coal; 


Section 51. Diesel Equipment Underground. Be it further enacted, That: 
Diesel engines equipped for detoxification may be used in mines in this 
State. Provided, the use of such engine or engines in any such mine is 
first found to be safe for the miners who work in said mine, by the Chief 
Mine Inspector, and provided further, that the Diesel engine or engines 
and the safety equipment thereon to be used in any such mine shall also 
have been approved for use in such mine by the Chief Mine Inspector. 


Utah 


General Safety Orders - Metal Mines, Mills and Smelters, Reclamation Tunnels, 
Tunnels, Stone Quarries, Gravel Pits, and Other Operations That Require the Use of 
Explosives, Coal and Hydro-Carbon Mines Excluded = The Industrial Commission of 
Utah - Effective July 1, 1945. 


Section 56. USE OF GASOLINE UNDERGROUND. 


(a) The use of gasoline underground is forbidden except under such 
conditions as may be approved by the commission. 


(b) It shall be unlawful to install or use underground any type of 
internal combustion engine, pump, motor, drills or other types of internal 
combustion machinery that may give off dangerous fumes or gases unless 
ample ventilation is provided and an approved filter or absorption device 
used, such device or devices must be subject to approval by the Industrial 
Commission. 


Diesel equipment may be used underground only after a specific application to 
the Commission has been approved. The application states that ".....Each piece of 
diesel powered equipment must have a separate certificate of approval and such 
equipment must be used only on the specific property named in this application." 
The application notes that "....(Motors with gasoline starters will not be 
approved.) ." 


The certificate of approval includes the following additional pertinent 
requirements: 


1. In the tunnel, mine level or other working area where diesel- 
powered equipment is used there shall be sufficient fresh air to provide 
a minimum of seventy-five (75) cubic feet of fresh air per minute for each 
brake horsepower of diesel engine. (This is in addition to the amount of 
air required for normal mine ventilation.) When any portion of the primary 
or auxiliary ventilating system is not functioning no diesel engine shall 
be allowed to operate in the area of no ventilation. 


2. The scrubber must hold sufficient water for at least four hours' 
operation without replenishing, the water to be completely drained once 
each shift. The scrubber must be checked, serviced and cleaned once each 
week. 
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3. The engine and the scrubber must be maintained in good mechanical 
condition at all times. 


Vermont 


A reply from the Vermont State Geologist dated March 17, 1956, indicates that 
regulations of a specific nature regarding mining operations are probably 
nonexistent. 


Virginia 


Mining Laws (Including Oil and Gas) of Virginia - Reprint from the Code of 
Virginia of 1950 and the 1954 Cumulative Supplement. 


Section 45-43. Inflammable oils not to be used underground; Diesel 
engines, prohibited haulage equipment. - (a) No gasoline, benzine, kero- 
sene or other inflammable oils shall be used underground in operating 
machinery, except that equipment powered by Diesel engines, approved by 
the Chief before installation, may be used underground in the operation of 
other than coal mines, and except as herinafter provided. 


(b) Internal combustion engines shall not be permitted underground in 
any coal mine except with the written approval of the Chief. The Chief may 
in his discretion approve Diesel-powered locomotives, shuttle cars, or other 
equipment, which may be operated only upon his written permission and under 
such rules as he may promulgate. 


Washington 


A reply from the Senior Safety Inspector dated March 30, 1956, indicates the 
following regulations have been in effect since 1950 and are being considered for 
revision. 


ADDENDA TO SAFETY STANDARDS FOR METALLIC AND NON-METALLIC MINES 
REGULATIONS PERTAINING TO THE USE OF DIESEL ENGINES UNDERGROUND 


Referring to Chap. 194, Laws of 1941 such chapter under Section 1 (b) spe- 
cifically prohibiting the use of fuel-burning equipment underground, it 
should be noted that the provisions of the 1941 law also specifically 
exempt mines and this addendum to the Safety Standard for Metallic and 
Non-Metallic Mines therefore does not in any manner conflict with any 
Statute governing the use of fuel-burning equipment underground. 


Standard E-5-q of the Safety Standard for Metallic and Non-Metallic Mines 
shall be rescinded only to the extent that certain types of fuel-burning 
equipment may be used in strict compliance with rules hereinafter set 
forth. (These rules have been adopted after full consultation with 
representatives of employers-employees, the United States Bureau of 

Mines and the Department of Labor and Industries.) 


Permission will be granted for specified diesel equipment, working in a 
specified location under specified condition, as follows: 


Application should be made in duplicate to the Supervisor of 
Safety, Department of Labor and Industries, for permission to 
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use specified diesel equipment in a specified underground area and 
should include the following information: 


The type of construction and complete identification data and specifica- 
tions including analysis of the undiluted exhaust gases of the diesel 
equipment. 

The location of the underground area where the diesel equipment is to 
be used, accompanied by: (1) a drawing showing extent and arrangement 
of the underground area, (2) a drawing showing the design of the fuel- 
ing station. 

The quantity of the air passing accompanied by a ventilation plan. 


Presence of inflammable gas. 


Regulations which may be set _up by the Supervisor of Safety for the Opera- 


tion of a Diesel Engine Underground Under the Authority of the Above-Men- 
tioned Act. 


l. 


Permission for the operation of a diesel engine applies only to the 
specific engine of a type approved by the Supervisor of Safety and in 
the specific place mentioned. 


A certificate of an analysis of the undiluted exhaust gases (after the 
scrubber) by a testing laboratory approved by the Supervisor of Safety 
shall be supplied to the Supervisor of Safety by the mine before per- 
mission is given to take the equipment underground. The certificate 
shall show the amounts of the following components of the exhaust 
gases - carbon monoxide, oxides of nitrogen, and aldehydes. 


Before the diesel equipment is taken underground, written permission 
shall be obtained from the Supervisor of Safety who shall require a 
satisfactory test on surface to show that the exhaust gases do not ex- 
ceed the maximum percentage of carbon monoxide permitted. 


Before the diesel equipment is put into regular service underground, a 
satisfactory test shall be made under the supervision of the Mine In- 
spector showing that the ventilating current is sufficient to maintain 
the concentrations of noxious gases below the maximm percentages 
permitted. A minimum of 75 c.f.m. ventilating current is required per 
maximum B.H.P. of the diesel engine. 


(a) Diesel equipment may only be used underground where the mine ven- 
tilation is controlled by mechanical means. 


(b) Air measurements shall be made at least once weekly in the diesel 
engine working area and the measurements entered in the Underground 
Diesel Engine Record Book. The engine shall not be operated if the 
ventilating current is less than 75 c.f.m. per maximum B.H.P. of the 
diesel equipment. 


(c) Definite instructions shall be issued to the operating crews that 


the diesel equipment must not be operated while the mine fans are shut 
down. 
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ll. 
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13. 


14. 


15. 


16. 


17. 


If inflammable gas (methane) is known to exist in percentages of over 

0.75 percent, the atmosphere in the work area shall be tested once in 
each month. If the percentage of gas is found to exceed 1.25 percent, 
the engine shall not be operated. Its operation shall not be resumed 

until permission to do so has been given by the Safety Division. 


The diesel engine shall be of a type approved by the Supervisor of 
Safety and all parts of the diesel equipment and its accessories shall 
be properly maintained in their designed condition. 


The exhaust from the engine shall be fitted with an approved type of 
scrubber. 


A suitable type of portable fire extinguisher so placed as to be within 
easy reach of the driver shall be carried on the engine. 


A record book termed the Underground Diesel Engine Record Book shall be 
kept and shall be available to the mine inspector at all times. 


Once at least in every 24 hours: - 


(a) The diesel engine in use shall be examined by a competent 
person, appointed by the manager, who shall see that it is in 
all respects in proper working order. The person making the 

examination shall sign in the Underground Diesel Record Book 

to that effect. 


No diesel engine shall be used if it has any defect liable to affect 
its safe operation. 


The engine shall not be kept running while the equipment is not being 
used except when necessary, for short periods only. 


A test of the undiluted exhaust gas taken from the diesel equipment 
shall be made once at least in every week. The equipment shall be 
deemed to be defective if the exhaust gas at any time contains more 
than 2500 parts per million .25 percent, of carbon monoxide in the 
undiluted exhaust (after the scrubber) and shall not be operated until 
the exhaust gases have again been tested and the CO content found to 
be less than 2500 parts per million - .25 per cent. The test results 
shall be recorded in the Underground Diesel Engine Record Book. 


The oil used as fuel in the diesel engine underground shall have a 
flash point of not less than 140 degrees F. and the sulphur content 
shall not be greater than 0.5 percent, by weight and fuels with a 
heavy asphalt base shall not be used. Liquified petroleum gases are 
prohibited as fuel. 


Only sufficient fuel oil for one day's supply for the engine shall be 
taken underground. The oil shall be taken underground in suitable 
strong metal sealed containers. 


The diesel engine tank shall be filled only at filling stations author- 


ized by the manager and approved by the Mine Inspector and designated 
as "Fire Hazard Areas." 
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18. The transfer of fuel from the supply tank to the engine fuel tank 
shall only be done in the filling station by means of assuring di- 
rect transfer. Transfer by air pressure shall not be allowed. 

19. Any oil spilled shall be taken up at once with sand and deposited 
in a fireproof receptacle and removed from the mine at suitable 
intervals not exceeding 24 hours. 

20. <All empty oil containers shall be taken out of the mine daily. 


Schedule of Tests - Surface 


1. Tests on surface of diesel engine exhaust gases before taken 
underground. 


(a) Test exhaust gases at the engine exhaust ports for carbon 
monoxide in a building with engine idling and also under load. 


(b) Test atmosphere outside engine for carbon monoxide. 
2. Underground in proposed working area. 
(a) With engine not running - test general body of the atmosphere 
for CO at each end of haulageway and other specified point. 
Repeat test at end of 8 hours. 


(b) With engine running but equipment stationary (idling), test 
the exhaust gases at engine exhaust for CO. 


(c) With engine running and equipment operating under load - test 
the general body of the atmosphere for CO as in (a) repeat 
test at 2-hour intervals for 8 hours. 

INFORMATION 
Note Permissible Maximum Amounts of Noxious Gases 


1. Gas at engine exhaust ports CO = .25 per cent = 2500 parts per 
million. 


2. Gas next equipment CO = .01l per cent - 100 parts per million. 

3. Gas in general body of atmosphere. 
(a) CO =- .002 per cent - 20 parts per million. 
(b) Oxides of nitrogen - .0025 per cent - 25 parts per million. 
(c) Aldehydes - .001 percent - (10 parts per million 


(0-10 faint odor, none 
to slight irritation. 


Re Oxides of Nitrogen and the Aldehydes 


A CO content in the air of the general atmosphere not above 20 parts per 
million indicates that it is safe from oxides of nitrogen and aldehydes. 
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West Virginia 
Mining Laws of West Virginia - 1951 


Article 2. Coal Mines. 


Section 10. Petroleum and Alcohol Products Prohibited as Motive Power in 
Mines. - No product of petroleum or alcohol, or any compound that in the 

opinion of the inspector will contaminate the air to such an extent as to 
be injurious to the health of the miner shall be used as motive power in 

any mine. 


The chief, Department of Mines, in a letter dated March 1, 1956, indicates that 
court action has upheld this section as prohibiting the use of any internal-combus- 
tion engine underground. 


Wisconsin 


General Orders on Mines - Industrial Commission of Wisconsin - Effective 
September 26, 1953. 


Order 306 - Flammable Material. : 


(d) Gasoline, naphtha, and other distillates shall not be stored in 
underground workings, except in amount sufficient to operate each fuel- 
burning locomotive or truck for one shift. 


Order 320 - Ventilation. 


(b) Noxious gases and insufficiency of oxygen in the air shall not 
exceed the following limits: 


Methane to be less than .....2-. 0.25% 
Carbon monoxide to be less than. 0.01% 
Carbon dioxide to be less than... 0.50% 
Oxygen to be more than ........2- 20.00% 
Nitrous fumes to be less than... 0.001% 


If the tests show an excess of these limits for any of the gases, 
mechanical ventilation shall be provided which will add sufficient air 
to dilute the gases to comply with the limitations of this table. 

(d) Where fuel-burning locomotives and trucks are used in haulage- 
ways, forced ventilation sufficient to maintain the carbon monoxide con- 
tents of the air in haulage ways to .01 per cent or less during period of 
poorest combustion shall be provided. Fuel-burning locomotives and trucks 
shall not be allowed to idle when not engaged in hauling. 

General Orders on Tunnel, Caisson, and Trench Construction - 


Industrial Commission of Wisconsin - Revision Effective March 10, 1940 - 
Reprinted September 1953. 


Order 615. Mechanical Haulage. 


...No gas locomotive shall be used in any tunnel. 
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Wyoming 
Coal Mining Laws of the State of Wyoming - 1951: 


Section 41. Nonpermissible internal-combustion engines or other 
machinery which gives off noxious fumes shall not be permitted under- 
ground in any coal mine. 


Although the foregoing applies specifically to coal mines, there are other 
indications in the law that the State coal-mine inspector also is the inspector of 
metalliferous mines and that, where applicable, provisions of the Coal Mining Laws 
shall apply to other mining operations. Reliable reports are available that diesel 
engines are in use underground in at least two noncoal mines. 


DISCUSSION OF LAWS AND REGULATIONS 


The current laws and regulations of 36 States were consulted in the preparation 
of this report. An effort has been made to make the foregoing abstracts reliable 
and complete with respect to the control of internal-combustion engines in under- 
ground mines. In a few instances, regulations have been included on the control of 
internal-combustion engines in tunnel construction; this information has developed 
as the result of incidental observations rather than from an intensive search. 


From the abstracts it is evident that the use of gasoline engines underground 
is generally prohibited and the diesel-powered machinery is permitted, if at all, 
under special exemptions. Frequently, the laws invest discretionary power in a 
recognized State official or board and empower the development and enforcement of 
appropriate regulations. In many instances, regulations are well developed for 
the use of diesel engines in noncoal mines. 


In several instances, the State regulations specify that fresh air for venti- 
lation of diesel engines shall not be less than 75 cubic feet per minute per brake 
horsepower at the maximum power setting but require tests of the mine atmosphere 
to show that this ventilation produces safe hygienic conditions underground. 
Experiments with several types of diesel engines in the Bureau's laboratory have 
suggested that ventilation calculated on this empirical basis may not be sufficient 
in many instances. Factors affecting the ventilation requirement are maximum fuel- 
injection setting of the fuel pump, design of the combustion chamber, the average 
load factor on the engine in practical applications, and the altitude at which the 
engine is operating. Ventilation requirements are best determined by calculations 
based on the results of dynamometer load tests. Such results provide a rational 
basis for calculation of safe ventilation as well as information needed to predict 
the change in fuel setting necessary for safe operation of the engine at high 
altitudes. 


No information was available from 12 States. In 1952, 7 of these States pro- 
duced minerals valued at less than 30 million dollars. As the chief mineral prod- 
ucts in these States are those normally or frequently produced by quarrying or 
open-pit methods, no great demand for the utilization of diesel engines underground 
would be anticipated. The mineral production in the other five States has a high 
valuation but the products are principally petroleum or natural gas or others pro- 
duced chiefly by opencut methods. 
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CONCLUSIONS 


In general, current State laws maintain a ban on the use of internal-combustion 
engines underground, Permission to use diesel engines is accomplished frequently by 
specific exemption approved under the law and subject to special regulations to in- 
sure satisfactory ventilation. A few of the frequent requirements of such regula- 
tions are: (1) Local registration and approval of the equipment before it is used 
underground; (2) a limited maximum fuel-injection rate; (3) an exhaust-gas condi- 
tioner, frequently referred to as a scrubber, in the exhaust system; and (4) a min- 
imum volume of fresh air for ventilation. 


Some State regulations specify a fixed volume of air for ventilation determined 
empirically for the maximum brake horsepower of the diesel engine. Experience with 
such requirements suggests that ventilation for each particular diesel engine should 
be determined by rational calculation from engine dynamometer tests, which explore 
the operating characteristics of the engine under various loads and speeds. 


The fact that many States do not have specific laws and regulations governing 
the use of internal-combustion engines underground should not be interpreted to 
mean that such use would be permitted or uncontrolled. Legislation on matters 
affecting the health and welfare of workmen in industrial plants, especially with 
reference to hygienic control of the atmospheric environment, is growing in virtu- 
ally all States. Undoubtedly, such legislation will be interpreted in many in- 
stances as providing the authority to develop regulations controlling the use of 
diesel engines underground. Consequently, the manufacturers of diesel equipment 
are strongly urged to seek additional information from appropriate State authority 
before selling such equipment for use underground in States where the laws and 
regulations are not clear and specific. 


INT. ©BUL.OF MINES .P GH. PA. 8439 
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